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Introduction {#ehf212364-sec-0004}
============

The great majority of acute heart failure (AHF) hospitalizations are due to congestion.[1](#ehf212364-bib-0001){ref-type="ref"}, [2](#ehf212364-bib-0002){ref-type="ref"}, [3](#ehf212364-bib-0003){ref-type="ref"} Acute kidney injury (AKI) complicating decongestive AHF therapy is currently defined as the acute (Type 1) cardio‐renal syndrome and is often clinically recognized as worsening renal function after initiation of acute therapies.[4](#ehf212364-bib-0004){ref-type="ref"} Acute kidney injury, often defined as an increase in creatinine of \>0.3 mg/dL from baseline, occurs in 20--30% of patients with AHF and is associated with greater length of stay (LOS), hospital readmission, and increased mortality.[5](#ehf212364-bib-0005){ref-type="ref"}, [6](#ehf212364-bib-0006){ref-type="ref"}, [7](#ehf212364-bib-0007){ref-type="ref"}, [8](#ehf212364-bib-0008){ref-type="ref"}

There are no proven treatments or guidelines for patients who develop AKI in the setting of AHF. In a recent clinical trial, investigators were encouraged to decrease the doses of angiotensin‐converting enzyme inhibitors (ACE‐Is) and beta‐blockers if cardio‐renal syndrome developed in temporal association with diuretic dose escalations.[9](#ehf212364-bib-0009){ref-type="ref"} However, depending on the haemodynamic status and degree of congestion, potential interventions for patients with AKI can include both intensification or de‐escalation of loop diuretics and neurohormonal blockers or the use of vasodilators, positive inotropes, or ultrafiltration.

Temporary interruptions of diuretics or neurohormonal blockers may address potential concerns of transient intravascular volume depletion and represent standard clinical practice.[9](#ehf212364-bib-0009){ref-type="ref"} However, interruption of neurohormonal blockade and intravenous fluids administration may potentially lead to clinical deterioration. In the present report, we studied physician responses to AKI occurring during AHF therapy, in its relationship to renal and clinical outcomes.

Methods {#ehf212364-sec-0005}
=======

Acute heart failure cohort {#ehf212364-sec-0006}
--------------------------

Between January 2008 and April 2014, patients admitted to the Rambam Medical Center, Haifa, Israel, with the primary diagnosis of AHF entered a prospective registry.[10](#ehf212364-bib-0010){ref-type="ref"}, [11](#ehf212364-bib-0011){ref-type="ref"} Eligible patients were those hospitalized as with new‐onset or worsening pre‐existing heart failure (HF) as primary cause of admission.[12](#ehf212364-bib-0012){ref-type="ref"} In addition, patients were required to have a brain natriuretic peptide (BNP) level \> 400 pg/mL at admission, using the AxSYM BNP microparticle enzyme immunoassay (Abbott Laboratories, Abbott Park, IL, USA). The study was approved by the institutional review committee on human research (RBM‐12‐0477).

Definitions {#ehf212364-sec-0007}
-----------

Acute kidney injury was defined based on the maximal increase of \>0.3 mg/dL in serum creatinine from admission value at any time during hospital stay,[11](#ehf212364-bib-0011){ref-type="ref"} as used in the majority of prior studies.[13](#ehf212364-bib-0013){ref-type="ref"}, [14](#ehf212364-bib-0014){ref-type="ref"} Transient AKI was defined when by the time of discharge, serum creatinine decreased to a level that was 50% lower than the peak increase in serum creatinine.

Estimated glomerular filtration rate (eGFR) was derived using the Chronic Kidney Disease Epidemiology Collaboration formula.[15](#ehf212364-bib-0015){ref-type="ref"} Hypotension during hospital stay was defined as systolic blood pressure (SBP) of \<90 mm Hg.[16](#ehf212364-bib-0016){ref-type="ref"}

Assessment of congestion {#ehf212364-sec-0008}
------------------------

The degree of congestion at admission was evaluated based on a combination of several signs and symptoms. A 10‐point scale ranging from 0 to 9 was constructed as follows[17](#ehf212364-bib-0017){ref-type="ref"}, [18](#ehf212364-bib-0018){ref-type="ref"}, [19](#ehf212364-bib-0019){ref-type="ref"}: orthopnoea (1 point), raised jugular venous pressure (*n* = 1), hepatomegaly (*n* = 1), chest radiograph showing pulmonary venous congestion, interstitial oedema or alveolar oedema (*n* = 1), chest radiograph showing pleural effusion (*n* = 1), and presence of peripheral oedema (absent/trace, 0 point; slight, 1 point; moderate, 2 points; marked, 3 points; and anasarca, 4 points). A composite congestion index was calculated by summing the individual components. Assessment of the degree of congestion was performed at admission and prior to discharge.

Categorization of the physician response to acute kidney injury {#ehf212364-sec-0009}
---------------------------------------------------------------

Our primary goal was to determine the physician response to AKI through changes in medical management and use of selected classes of medications during the AKI event with respect to renal and clinical outcomes. Medications were categorized into classes of interest including (i) ACE‐Is/angiotensin receptor blockers (ACE‐Is/ARBs), (ii) beta‐blockers, and (iii) spironolactone and loop diuretics.

For each medication, patients were classified as 'reduced or discontinued' as temporary or permanent reduction of the dose by ≥50% or discontinuation of the medication. In addition, because dose reduction or discontinuation of \>1 medication may impact renal and overall clinical outcome, a composite treatment score was defined based on 'reduced or discontinued' classification of any of the three selected medication classes (ACE‐I/ARB, beta‐blockers, and diuretics). In addition, intravenous fluids administration was also considered as an intervention that may affect renal outcome and was therefore included as a component of the composite treatment score. The study population was subsequently divided into two groups using the cut‐off of ≥1 for the composite treatment score.

Events data collection {#ehf212364-sec-0010}
----------------------

Following hospital discharge, mortality data was acquired by reviewing the national death registry and by contacting each patient individually and independently reviewing the hospital course for major clinical events if the patient had been rehospitalized.

Statistical analysis {#ehf212364-sec-0011}
--------------------

The baseline characteristics of the groups were compared using unpaired *t*‐tests or the non‐parametric Mann--Whitney *U* test for continuous variables and by the χ^2^ statistic for categorical variables.

Multivariable logistic regression model with backward stepwise selection was used to determine the relationship between clinical variables and the likelihood of the AKI being transient. To minimize false‐positive variable selection, we constructed 1000 bootstrap samples. For each sample, we used a logistic regression model with the backward elimination. Variables consistently chosen in \>75% of bootstrap samples were included in the final model.

Length of stay was treated as count variable and was modelled using zero‐truncated negative binomial regression, with estimates reported as incident rates ratios. Six months event‐free survival was estimated by the Kaplan--Meier method, and curves were compared with the log‐rank test. Stepwise Cox proportional hazards models with backward selection were used to determine which variables were significantly related to all‐cause mortality or the combined endpoint of mortality and rehospitalization. Each variable was tested univariately and then retested after adjustments for other possible cofounders in the Cox model. Variables with *P* \< 0.1 in the univariate Cox regression analysis were used in the multivariable Cox model. The following baseline clinical characteristics were considered in the multivariate procedure: composite treatment score, age, gender, discharge eGFR, discharge blood urea nitrogen (BUN), discharge haemoglobin, BNP levels, history of diabetes mellitus and hypertension, atrial fibrillation, elevated troponin level at admission, ejection fraction (dichotomized as above or below 50%), use of inotropes, renal function recovery during hospital course, and the composite index. Differences were considered statistically significant at the two‐sided *P* \< 0.05 level. Statistical analyses were performed using the STATA version 15.1 (College Station, TX, USA).

Results {#ehf212364-sec-0012}
=======

During the study period, 1314 were admitted with acute decompensated HF, with 277 patients who met the inclusion criteria (21.1%). Of the patients meeting all inclusion criteria, 186 (67.1%) were being treated with ACE‐Is/ARBs, 216 (78.0%) with beta‐blockers, 37 (13.5%) with spironolactone, and 270 with diuretics (98.2%).

During hospitalization as AKI developed, ACE‐Is/ARBs, beta‐blockers, and diuretics were reduced or discontinued in 103 (55.4%), 84 (38.9%), and 166 (61.5%), respectively. Fluids were administered to 130 (46.9%) patients (mean volume of 700 ± 400 mL). In 92 patients (33.2%), fluids were administered without discontinuation of diuretics, and in 37 patients (13.4%), fluids were administered without dose reduction of diuretics.

Demographic and clinical characteristics of the patients according to the composite score are shown in *Table* [1](#ehf212364-tbl-0001){ref-type="table"}. Patients with higher composite score were older, had lower congestion index, and had higher baseline use of ACE‐Is and ARBs.

###### 

Clinical characteristics according to the composite treatment score

  Characteristic                          Composite treatment score   *P*‐value           
  --------------------------------------- --------------------------- ------------------- -----------------------------------------------
  Age (years)                             76 ± 11                     79 ± 11             0.04
  Female                                  54 (45%)                    85 (54%)            0.10
  Hypertension                            101 (83%)                   134 (86%)           0.58
  Diabetes mellitus                       71 (59%)                    75 (48%)            0.08
  Chronic lung disease                    30 (25%)                    29 (19%)            0.21
  Coronary artery disease                 87 (72%)                    97 (72%)            0.09
  Systolic blood pressure (mm Hg)         144 ± 27                    139 ± 31            0.15
  Baseline creatinine (mg/dL)             1.63 (1.13--2.30)           1.45 (1.13--1.98)   0.15
  Baseline eGFR (mL·min^−1^/1.73 m^−2^)   35 (23--53)                 37 (27--53)         0.48
  Baseline BUN (mg/dL)                    36 (21--49)                 32 (22--44)         0.44
  Serum sodium (mmol/L)                   137 ± 5                     137 ± 8             0.25
  Baseline haemoglobin (g/dL)             11.5 ± 1.8                  11.3 ± 1.7          0.61
  BNP (ng/mL)                             958 (703--745)              1011 (620--1713)    0.99
  Cardiac troponin I elevation            25 (21%)                    35 (22%)            0.72
  Atrial fibrillation                     46 (38%)                    66 (42%)            0.47
  LVEF \< 50%                             46 (44%)                    52 (42%)            0.73
  Baseline congestion index               3 (2--4)                    2 (1--3)            0.004
  Baseline medical therapy                                                                
  Beta‐blockers                           84 (69)                     110 (72)            0.84
  ACE‐Is/ARBs                             60 (50)                     111 (71)            \<0.0001
  Spironolactone                          5 (4)                       7 (4)               0.87
  Digoxin                                 14 (12)                     19 (12)             0.88
  Clinical events                                                                         
  Six months mortality                    33 (27)                     63 (40)             0.01[a](#ehf212364-note-0003){ref-type="fn"}
  Six months mortality or readmission     50 (41)                     87 (56)             0.005[a](#ehf212364-note-0003){ref-type="fn"}
  Renal function recovery                 43 (36)                     97 (62)             \<0.0001

ACE‐I, angiotensin‐converting enzyme inhibitor; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; LVEF, left ventricular systolic function.

Values are expressed as number (%) of patients, mean value ± standard deviation, or median (interquartile range).

Log‐rank test.

The median increase in serum creatinine (baseline to peak) was 0.60 mg/dL \[interquartile range (IQR) 0.55--0.67 mg/dL\]. *Figure* [1](#ehf212364-fig-0001){ref-type="fig"} shows that discontinuation rates of ACE‐Is/ARBs, beta‐blockers, diuretics, and fluids administration were higher in patients in whom the magnitude of creatinine increase was greater than the median creatinine increase. However, discontinuation of medical therapy and fluids administration was also frequent (32--53%) with smaller increases in creatinine.

![Proportion of dose reduction or discontinuation of medications or fluids administration according to the magnitude of creatinine increase (above or below median value) during the acute kidney injury event. ACE‐Is/ARBs, angiotensin‐converting enzyme inhibitors/angiotensin receptor blockers.](EHF2-6-45-g001){#ehf212364-fig-0001}

Impact of blood pressure {#ehf212364-sec-0013}
------------------------

Of the 277 study patients, 94 (33.9%) had an episode of hypotension. The median time from admission to hypotension was 2 days (IQR 1--5 days). The median nadir SBP for patients with hypotension was 80 mm Hg (IQR 72--85 mm Hg). Thirty‐four of these patients (31.2%) were treated with inotropes. Nadir SBP was significantly lower in patients with composite score above 1 \[85 mm Hg (IQR 75--91) vs. 90 mm Hg (IQR 85--96); *P* = 0.009\]. *Figure* [2](#ehf212364-fig-0002){ref-type="fig"} shows that hypotension was associated with higher rates of discontinuation/dose reduction of evidence‐based therapies or fluids administration. However, there was no difference between the two groups in the magnitude of SBP drop from baseline to nadir values \[49 mm Hg (IQR 30--65) vs. 41 mm Hg (IQR 31--59); *P* = 0.26\].

![Impact of hypotension on the proportion of patients with dose reduction or discontinuation of evidence‐based therapies or fluids administration.](EHF2-6-45-g002){#ehf212364-fig-0002}

Renal outcome {#ehf212364-sec-0014}
-------------

*Figure* [3](#ehf212364-fig-0003){ref-type="fig"} shows the changes in serum creatinine and BUN in the two study groups. The reduction in serum creatinine from peak level to discharge was significantly larger in patients with a composite score \> 1 \[0.56 mg/dL (IQR 0.13--1.10 mg/dL) vs. 0.15 mg/dL (IQR 0--0.50 mg/dL) compared with patients with composite score ≤ 1; *P* \< 0.0001\]. Overall, improvement in renal function occurred in 97 (63%) and 43 (36%) patients with and without treatment composite score above 1, respectively (*P* \< 0.0001). In a multivariable logistic regression model, the composite score was associated with a greater likelihood of renal function recovery, whereas the use of inotropes was negatively associated with renal function recovery (*Table* [2](#ehf212364-tbl-0002){ref-type="table"}).

![Box‐and‐whisker plot of (A) creatinine and (B) blood urea nitrogen (BUN) values at three time points: admission, peak during hospital stay, and discharge. The line within the box denotes the median, and the box spans the interquartile range (25th to 75th percentiles). Whiskers extend from the 5th to 95th percentiles.](EHF2-6-45-g003){#ehf212364-fig-0003}

###### 

Logistic regression model for renal function recovery

  Variable                                                                 Unadjusted OR (95% CI)   *P*‐value   Adjusted OR (95% CI)   *P*‐value
  ------------------------------------------------------------------------ ------------------------ ----------- ---------------------- -----------
  Use of inotropes                                                         0.69 (0.36--1.32)        0.47        0.46 (0.23--0.92)      0.03
  Composite treatment score \> 1[a](#ehf212364-note-0005){ref-type="fn"}   3.00 (1.83--4.91)        \<0.0001    3.47 (2.06--5.83)      \<0.0001

CI, confidence interval; OR, odds ratio.

Increasing score indicates discontinuation of more medications or fluids administration.

Congestion {#ehf212364-sec-0015}
----------

During hospital stay, the reduction in the congestion index was larger in patients with a composite score of ≤1 \[median −2 points (IQR −1 to −3)\] as compared with patients with a composite score above 1 \[median −1 point (IQR 0 to −2); *P* = 0.021\].

Length of hospital stay {#ehf212364-sec-0016}
-----------------------

The median hospital LOS was 7 days (IQR 6--8 days) in patients with composite score ≤ 1 and 12 days (IQR 10--13 days) in patients with composite score \> 1. A composite score above 1 was an independent predictor of longer hospital LOS (*Table* [3](#ehf212364-tbl-0003){ref-type="table"}).

###### 

Unadjusted and adjusted zero‐truncated negative binomial regression for length of stay

  Variable                                          Unadjusted IRR (95% CI)   *P*‐value   Adjusted IRR (95% CI)   *P*‐value
  ------------------------------------------------- ------------------------- ----------- ----------------------- -----------
  Use of inotropes                                  1.51 (1.20--1.93)         0.001       1.30 (1.03--1.64)       0.025
  Anaemia[a](#ehf212364-note-0007){ref-type="fn"}   1.39 (1.11--1.74)         0.004       1.31 (1.07--1.61)       0.01
  Ln BNP                                            1.29 (1.13--1.48)         \<0.0001    1.28 (1.12--1.46)       \<0.0001
  Composite treatment score \> 1                    1.65 (1.32--2.06)         \<0.0001    1.59 (1.30--1.96)       \<0.0001

BNP, brain natriuretic peptide; CI, confidence interval; IRR, incidence rate ratio.

World Health Organization definition.

Mortality and rehospitalization after hospital discharge {#ehf212364-sec-0017}
--------------------------------------------------------

During the 6 months after hospital discharge, 96 patients (34.7%) died and 54 (19.5%) were readmitted for HF decompensation. *Figure* [4](#ehf212364-fig-0004){ref-type="fig"}A shows that the unadjusted mortality rates were higher in patients with a composite score above 1. The unadjusted hazard ration for mortality was 1.71 (95% confidence interval 1.12--2.61; *P* = 0.01). Similar results were obtained for the combined endpoint of mortality and rehospitalization for HF (*Figure* [4](#ehf212364-fig-0004){ref-type="fig"}B).

![Kaplan--Meier survival plot of (A) mortality and (B) mortality and rehospitalizations for heart failure (HF) in subgroups defined by the composite treatment score. *P*‐values are for the overall comparison among the groups using the log‐rank test.](EHF2-6-45-g004){#ehf212364-fig-0004}

*Table* [4](#ehf212364-tbl-0004){ref-type="table"} shows the results of a multivariable Cox model for all‐cause mortality. After adjustments, the composite score was no longer associated with mortality. Independent predictors of post‐discharge mortality included hypotension (SBP \< 90) during hospital course, elevated BUN at hospital discharge, and use of inotropes during hospital course (*Table* [4](#ehf212364-tbl-0004){ref-type="table"}).

###### 

Unadjusted and adjusted Cox proportional hazard model for mortality

  Variable                                                Unadjusted HR (95% CI)   *P*‐value   Adjusted HR (95% CI)   *P*‐value
  ------------------------------------------------------- ------------------------ ----------- ---------------------- -----------
  Age (per 10 years increase)                             1.45 (1.18--1.79)        0.001       ---                    ---
  Discharge eGFR (per 10 mL·min^−1^/1.73 m^2^ increase)   0.79 (0.70--0.90)        \<0.0001    ---                    ---
  Discharge BUN (per 10 mg/dL increase)                   1.16 (1.10--1.22)        \<0.0001    1.13 (1.03--1.23)      0.03
  Discharge Hb (per 1 g/dL increase)                      0.85 (0.76--0.95)        0.006       ---                    ---
  Serum sodium \< 136 mmol/L                              1.57 (1.03--2.40)        0.04        ---                    ---
  BNP \> median value                                     1.53 (1.02--2.30)        0.04        ---                    ---
  Hypotension during hospitalization                      3.26 (2.18--4.89)        \<0.0001    2.28 (1.33--3.91)      0.005
  Composite treatment score \> 1                          1.71 (1.12--2.61)        0.01        ---                    ---
  Use of inotropes                                        4.31 (2.77--6.69)        \<0.0001    2.28 (1.33--3.91)      0.003

BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CI, confidence interval; eGFR, estimated glomerular filtration rate; Hb, haemoglobin; HR, hazard ratio.

Discussion {#ehf212364-sec-0018}
==========

In the present study, we conducted a survey of how physicians respond to an acute decline in renal function occurring during therapy of AHF. Discontinuation or dose reduction of evidence‐based therapies was frequent, as well as fluids administration. Although part of the medical management appeared to be related to key clinical variables such as hypotension and severity of creatinine elevations, the changes in the medical management of patients with worsening renal function were only partly explained by these factors. Withdrawal of neurohormonal blockade and fluids administration was associated with improved renal outcome but with lesser degree of decongestion.

Hospitalization for HF occurs 1 million times per year in the USA alone and represents one of the strongest predictors of poor prognosis.[20](#ehf212364-bib-0020){ref-type="ref"}, [21](#ehf212364-bib-0021){ref-type="ref"} The most common reason for hospitalization in these patients is worsening chronic HF with pulmonary or systemic congestion.[1](#ehf212364-bib-0001){ref-type="ref"}, [22](#ehf212364-bib-0022){ref-type="ref"} Thus, the primary therapeutic objective in the majority of patients hospitalized with AHF is to optimize volume status.[2](#ehf212364-bib-0002){ref-type="ref"}

Acute kidney injury, currently defined as acute (Type 1) cardio‐renal syndrome,[23](#ehf212364-bib-0023){ref-type="ref"} is common in hospitalized patients with AHF and defines a higher‐risk population because of its association with hospital readmissions and post‐discharge mortality.[5](#ehf212364-bib-0005){ref-type="ref"}, [24](#ehf212364-bib-0024){ref-type="ref"}, [25](#ehf212364-bib-0025){ref-type="ref"}, [26](#ehf212364-bib-0026){ref-type="ref"} How to manage worsening renal function in the setting of decongestive therapy and what targets to use when adjusting diuretic and other medical therapies are frequent questions that arise in patients with AHF. Temporary interruptions of diuretics or neurohormonal blockers can address potential concerns regarding transient intravascular volume depletion or intrarenal haemodynamics and appear to represent standard clinical practice.[9](#ehf212364-bib-0009){ref-type="ref"} However, when AKI complicates the management of AHF, there are no clinical trial data to guide therapy.

Aggressive diuresis can be associated with worsening renal function,[27](#ehf212364-bib-0027){ref-type="ref"} especially in the presence of ACE inhibition.[28](#ehf212364-bib-0028){ref-type="ref"} Diuretics can impair renal function by activating the renin--angiotensin--aldosterone system[29](#ehf212364-bib-0029){ref-type="ref"} and by producing intravascular volume depletion. Angiotensin‐converting enzyme inhibitors can lower glomerular hydrostatic pressure and decrease GFR by inhibiting of efferent renal arteriolar resistance, and these effects are more evident after diuresis.[30](#ehf212364-bib-0030){ref-type="ref"} In the present study, the attempts to correct hypotension or improve renal haemodynamics by changes in the medical regimen and fluids administration were associated with greater likelihood renal functional recovery. However, these patients also had less efficient decongestion, which may lead to early post‐discharge readmission.

Fluids administration {#ehf212364-sec-0019}
---------------------

Because fluid overload is a major contributor to acute decompensation in patients with HF,[2](#ehf212364-bib-0002){ref-type="ref"}, [31](#ehf212364-bib-0031){ref-type="ref"} and ineffective decongestion predicts adverse clinical outcomes,[32](#ehf212364-bib-0032){ref-type="ref"} the administration of intravenous fluids in the setting of AHF requires a clear indication. There are several possible explanations for intravenous fluids administration in acutely decompensated inpatients. First, some patients may have received fluids because of haemodynamic instability. Second, fluids may have been administered to counter the detrimental effects of excessive loop diuretic therapy. Although fluids administration may have been clinically justified in some patients, a third of the patients in the present study were treated with fluids while continuing to receive diuretics. This practice is not easily justified on clinical grounds in AHF with worsening renal function.

Clinical outcomes {#ehf212364-sec-0020}
-----------------

In unadjusted analyses, we observed higher rates of post‐discharge mortality and readmission for HF in patients in whom discontinuation of evidence‐based therapies and/or fluids administration was more common. One possibility is that the management of AKI may directly worsen the clinical outcomes. However, it is also possible that discontinuation of evidence‐based therapies and administration of fluids is a marker of greater clinical severity rather than a cause of worse outcomes. Given the observational nature of our data, our findings should not be considered causal at this stage. Indeed, after adjustments for other risk variables, the composite score was no longer an independent predictor of mortality.

Study limitations {#ehf212364-sec-0021}
-----------------

Several limitations of our study should be acknowledged. First, this was a post hoc analysis of our registry data, and thus, the results must be regarded as hypothesis generating and exploratory and require validation in other studies. Our analysis used information based on medical record abstraction, which is dependent on the accuracy and completeness of physician documentation. However, undocumented change in medical regimen is unlikely in our institution because a computerized physician order is required for any change. The management of AHF in our institution may not be representative of other hospitals. Finally, our study was underpowered to detect an impact of decongestion on clinical outcomes.

Conclusions {#ehf212364-sec-0022}
===========

Current understanding of the mechanisms that underlie the development of the cardio‐renal syndrome is insufficient to make effective and informed therapeutic decisions. Discontinuation or dose reduction of diuretics or neurohormonal blockers may improve renal outcome at the price of less efficient decongestion, with potential implications for the risk of readmissions. Our results emphasize the need for randomized clinical trials that address the treatment of AHF patients who develop AKI.
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